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Abdract: In this report, the results of a systematic study on the effects of polycrystalline silicon gate depletion on the
reliability characteristics of metal-oxide semiconductor field-effect transistor (MOSFET) devices were discussed. The
devices were fabricated using standard complimentary metal—oxide semiconductor (CMOS) processes, wherein
phosphorus ion implantation with implant doses varying from 10" to 5x10 cm?® was performed to dope the
polycrystalline silicon gate layer. For implant doses of 10™/cm? or less, the threshold voltage was increased with the
formation of a depletion layer in the polycrystalline silicon gate layer. The gate-depletion effect was more pronounced
for shorter channel lengths, like the narrow-width effect, which indicated that the gate-depletion effect could be used to
solve the short-channel effect. In addition, the hot-carrier effects were significantly reduced for implant doses of 10*/cm?
or less, which was attributed to the decreased gate current under the gate-depletion effects.
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1.ME 2 A°lE go] FHFol FgHaL, o= MOSFET
Mu R7VAel B4 Aztet dTe 70|
Adie] MOSFET &A= o427 Ae]g 2ol 7lo] A=A [1-3]. & =2oMes o227 0]
£ p30e wel AgHD ot} of ohAd MelE ole = oto] BBE Aol MOSFET 442 of2] 7jx] A

QuHoz POCKE AHRSH 4 342

oloRAIEt Al o] TR ol Zof olaf £ =olstact

o] olzolx| T gick. T2WA BAe] x7o] melA ol

< e A A2 9ol =E|(degenerated) AJE

of E0lA] o4& &= ot o2st ol AR A 2. A WY

a. Corresponding author; khp@cbnu.ac.kr AolE T}AA Alg]Z uro] T
Copyright ©2018 KIEEME. All rights reserved. AR A7|ARQl E/of OR|+= &=

This is an OpentAccess atide distributed under the terms of the Creative Commons —

Attibain NonComrrca Lioanse (it cret vezonsorglioeeesty-pos0) ol A% HE 7olE 99 =4 =
ich permits unrestricted non-commercid use, distribution, reproduction in any -

medium, provided the origind work is properly cited. NMOS ix}%ﬂ MOS 71”']1/\] E1 %% }é

(e} Eq . o
St =go]  BA S UAl= IS AT 2
o]

o st

=57} MOSFET
217 ¢lst
w7t q= rhe
A 2 Asksta



A7 VAR & ote]=wAl, AI3Ld A2 pp. 74-79, 2018 2E: B 75

*"?44— o] (10 Q-cm)
local oxidation of silicon)
Hst 338 X gafo
DP& 71a1q i
79l oF 150 nm £A9] cf2g gaé— 119 620°ColA
5 30 K eVe] oAz

(o]

= =
ol ZUoaletl. ol FY FEE 10°~5%10"/cm’
2 OgH. =5 e SA 8780] 2 Sojl= 400°C

Jl

1=3
oAl oF 30% &QF forming 7tA 2917104 alloy 57
°F 800 nm S| PSG
(phospho silicate glass) 32 AT
HAE ARt Sof WHex] AAL parameter
analyzer®] 4%90] HP 4156A Precision Semiconductor
Parameter AnalyserS AR23to] NMOS AAF=T MOS #H

TKE] 27459] ol2] 71| F71HQl EHES SAstelrt

Kol

3. Zm o D

024 A2|E AlolE gHol NMOSO| 1-V £4
o vlAle JEE LAp] Sistel o Aolsel £
ek A2 T2 NMOS A4t 1-V S48 =45t
At ot n' chAR Ae]E Aol 9o ol F¢l

= 108~ 5%10°/cm?0] 9t}

3.1 AHo|E

o] =8 kol LE 25 =g #E
Hxf Aoz nt OgEA A2lE AlolE 29 o]
ol w7t 10%/cm?Ql AX7F MOSFET ARt
FRog FASH=AS &RIsH7] st 1 A4

,00OD00000000000000000008
o

P, 1E13/cm’, 30keV g
1.2 WIL = 25/10um _oo°
0.9 o

,008E000E0000000080000000000000
oot

0.6 o f

Id [mA]

DDDDUDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

0.3

o

gDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDEDDDDUDDDDDDDDD
o

o

0 1 2 3 4 5
Vd [V]
Fig. 1. -V characteristics of the NMOS device, where the dose

of the implantation for doping of the polycrystaline slicon gate
layer was 10%/cm?.
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gate layer.
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